Introduction {#S0001}
============

Gestational diabetes mellitus (GDM) is a common disorder in pregnant women. Globally over the last decade, the prevalence of GDM has been rapidly increasing, and it has been estimated that one in six pregnant women are diagnosed with GDM \[[1](#CIT0001),[2](#CIT0002)\]. GDM has both short- and long-term adverse effects on the pregnant woman and her offspring \[[3](#CIT0003),[4](#CIT0004)\]. Some of the well-known risk factors for GDM include increasing childbearing age, maternal obesity, and genetic predisposition for diabetes \[[2](#CIT0002),[5](#CIT0005)\].

The influence of seasonal variation -- based on outdoor air temperature -- on glucose concentrations during an oral glucose tolerance test or on the prevalence of GDM has been studied with inconsistent findings \[[6](#CIT0006)--[12](#CIT0012)\]. However, more recent studies have reported a seasonal variation in GDM, based on outdoor temperature \[[7](#CIT0007)--[12](#CIT0012)\]. The influence of seasonal variation is thought to be due to factors including alterations in blood flow, seasonal variations in food consumption and physical activity, alterations in brown adipose tissue, and vitamin D mediated effects \[[13](#CIT0013)--[17](#CIT0017)\]. According to recent systematic reviews, low vitamin D levels in pregnant women seem to be associated with GDM \[[18](#CIT0018),[19](#CIT0019)\]. Main sources for vitamin D are sunshine and fish oil \[[20](#CIT0020)\]. By the solar ultraviolet B radiation, vitamin D is produced in the skin \[[20](#CIT0020)\]. To the best of our knowledge, research data are missing about the prevalence of GDM in varying according to daily sunshine hours.

In Finland, the prevalence of GDM is high (<http://urn.fi/URN:NBN:fi-fe2018103146930>) and the variation in daily sunshine hours varies substantially by season, offering a unique opportunity to evaluate the impact of sunshine on the risk of GDM. Our aim was to evaluate whether the prevalence of GDM varied according to daily sunshine hours in the city of Vantaa, Finland.

Materials and methods {#S0002}
=====================

Study design and participants {#S0002-S2001}
-----------------------------

This study is a cohort study from the city of Vantaa, Finland (coordinates: 60°17′40″ N 025°02′25″ E). In 2015 the city of Vantaa had 211 000 inhabitants being the fourth biggest city in Finland. The study cohort (N = 6189) consists of all primiparous women with a Finnish background (i.e. born in Finland with Finnish or Swedish as native language) living in Vantaa and without previously diagnosed diabetes mellitus who delivered a living offspring between 1 January 2009 and 31 December 2015. We included only primiparous women with Finnish background in this study to exclude the confounding effects of ethnicity, prior GDM and multiparity on the risk for GDM.

In Finland, the National Institute for Health and Welfare (THL) maintains the Finnish Medical Birth Register. This register contains data from all live births and stillbirths from 22 gestational weeks or 500 g onwards from every delivery hospital in Finland. We obtained data on primiparous women's age, status of cohabiting, smoking during pregnancy, pre-pregnancy weight and height, number of previous pregnancies (induced abortions, miscarriages, or ectopic pregnancies) and deliveries, use of infertility treatments, and number of foetuses (<http://www.thl.fi/en/statistics/parturients>). The quality of the Finnish Medical Birth Register is considered to be excellent \[[21](#CIT0021)\].

Pre-pregnancy body mass index (BMI) was calculated as pre-pregnancy body weight divided by height squared (kg/m^2^). The date of conception was calculated by reducing the duration of pregnancy from the day of delivery. The duration of pregnancy was assessed by an ultrasound examination between 11 and 14 weeks of gestation.

Educational attainment was defined according to years of schooling with a national classification, which was obtained from Statistics Finland (<http://www.stat.fi/meta/luokitukset/koulutus/001-2016/kuvaus>).

Assessment of gestational diabetes mellitus {#S0002-S2002}
-------------------------------------------

In Finland since 2008, GDM has been screened using a 75 g 2-h oral glucose tolerance test (OGTT) between 24 and 28 weeks of gestation in all pregnant women, with the exception of those who are at low risk ([www.kaypahoito.fi](http://www.kaypahoito.fi)). Low-risk nulliparous women are defined as women aged under 25 years with BMI 18.5--24.9 kg/m^2^ and without a first-degree family history of diabetes. The women with high risk should be tested for the first time at 12 to 16 weeks of gestation. High-risk nulliparous women are defined as women with BMI≥35 kg/m^2^, glucosuria, first- or second-degree family member with type 2 diabetes, continuous use of oral corticosteroids, or polycystic ovary syndrome. One or more pathological glucose value in OGTT with the following diagnostic thresholds lead to GDM diagnosis: fasting plasma glucose ≥5.3 mmol/L, 1-h glucose ≥10.0 mmol/L, and 2-h glucose ≥8.6 mmol/L ([www.kaypahoito.fi](http://www.kaypahoito.fi)). GDM screening is mainly made in communal antenatal clinics in primary health-care centres and it is free-of-charge for women. In Finland, 99.7--99.8% of the reviewer pregnant women use the services of communal antenatal clinics (<https://thl.fi/fi/web/lapset-nuoret-ja-perheet/peruspalvelut/aitiys_ja_lastenneuvola/aitiysneuvola>). Of the total study cohort (N = 6189), 4450 women had complete data from OGTT.

Assessment of sunshine levels {#S0002-S2003}
-----------------------------

The Finnish Meteorological Institute maintains data on daily sunshine hours and temperature by municipality (en.ilmatieteenlaitos.fi/open-data). Sunshine is reported when the intensity of direct radiation from the sun is at least 120 W/m^2^ (solar irradiance as watts per square metre). We obtained data from the Finnish Meteorological Institute on daily sunshine hours from the 14th of March 2008 to the 24th of April 2015 in the city of Vantaa, Finland. Daily sunshine hours were calculated for each woman individually from the conception until to the 84th day of pregnancy (during the first trimester of pregnancy).

Primiparous women were divided into five sunshine levels using centiles (levels I to V, 12.5th, 37.5th, 62.5th, 87.5th) corresponding to grades containing 12.5%, 25%, 25%, 25%, and 12.5% of the total distribution, respectively. The respective sunshine hours per day during the first trimester were following: level I -- \<1 h, level II -- 1--\<3 h, level III -- 3--\<6 h, level IV -- 6--\<8.5 h, and level V -- ≥8.5 h.

Statistical analyses {#S0002-S2004}
--------------------

Data are presented as means with standard deviation (SD) or as counts (n) with percentages (%). Statistical significances for linearity across categories of sunshine level and characteristics of the study participants were evaluated by using the Cochran--Armitage test for trend and analysis of variance. The relationship between sunshine and the prevalence of GDM and oral glucose tolerance test was analysed by using general linear models. The model included quadratic terms for sunshine hours or levels adjusted for age, pre-pregnancy BMI, and educational attainment. A U-shaped relationship was tested by using the Lind and Mehlum method \[[22](#CIT0022)\]. The normality of the variables was tested using the Shapiro--Wilk W test. Stata 15.1 (StataCorp LP; College Station, Texas, USA) statistical package was used for the analysis.

Results {#S0003}
=======

Mean age of the primiparous women was 28.5 (SD 5.2) years and their mean pre-pregnancy BMI was 24.1 (SD 4.6) kg/m^2^. The women had on average 13.5 (SD 2.6) years of education. Characteristics of the 6189 primiparous women according to sunlight levels are shown in [Table 1](#T0001).10.1080/22423982.2019.1703882-T0001Table 1.Relationship between characteristics of the primiparous women (N=6 189) and sunshine levels. Daily sunshine hours during the first trimester  Level I\
(\<1 h)\
n=771Level II\
(1--\<3 h)\
n=1550Level III\
(3--\<6 h)\
n=1547Level IV\
(6--\<8.5 h)\
n=1549Level V\
(≥8.5 h)\
n=772P-value for linearityAge (years), mean (SD)28.6 (5.2)28.4 (5.2)28.5 (5.1)28.4 (5.3)28.7 (5.2)0.80Cohabiting, n (%)614 (80)1221 (79)1219 (79)1250 (81)628 (81)0.15Smokers^a^, n (%)148 (19)261 (17)292 (19)302 (19)139 (18)0.54Prepregnancy weight (kg), mean (SD)66.1 (13.7)65.4 (13.4)67.4 (14.1)65.8 (12.9)67.1 (14.6)0.13Height (cm), mean (SD)165.8 (5.8)165.7 (6.0)166.0 (6.0)165.8 (6.1)165.4 (6.0)0.42Prepregnancy BMI (kg/m^2^), mean (SD)24.0 (4.5)23.8 (4.5)24.4 (4.7)23.9 (4.3)24.5 (5.1)0.038Years of education, mean (SD)13.5 (2.6)13.6 (2.6)13.5 (2.5)13.5 (2.7)13.5 (2.5)0.67Previous pregnancies^b^, n (%)148 (19)305 (20)315 (20)311 (20)150 (19)0.80Fertility treatment, n (%)74 (10)139 (9)134 (9)116 (7)80 (10)0.68Multiple foetuses, n (%)6 (1)21 (1)27 (2)17 (1)12 (2)0.47[^1][^2][^3][^4]

In the city of Vantaa, Finland, the highest number of sunshine hours per day was reported in July (mean 9.6 \[SD 4.8\] hours per day) and the lowest in December (mean 0.5 \[SD 1.1\] hour per day). [Figure 1](#F0001) illustrates the mean temperature and mean daily sunshine hours during different months. Further, [Figure 1](#F0001) shows the percentage of pregnancies and those with GDM according to the month of conception. No relationship was observed with the month of conception and GDM (p = 0.34).10.1080/22423982.2019.1703882-F0001Figure 1.Mean daily temperatures and hours of sunshine by the month and percentages of pregnancies (columns in the bottom part of figure) and gestational diabetes mellitus (black part of the column) according to the month of conception among 6189 primiparous women. Solid line in the bottom part of figure illustrates mean daily sunshine hours during different months.

Of the primiparous women, 16.2% were diagnosed with GDM. During the first trimester daily sunshine hours and GDM showed a U-shaped association ([Figure 2](#F0002)) (p-value 0.019, adjusted for age, pre-pregnancy BMI, and educational attainment). A similar U-shaped relationship between daily sunshine hours and GDM, was observed in women with pre-pregnancy BMI\<25.0 kg/m^2^, in women with pre-pregnancy BMI 25.0--29.9 kg/m^2^, and in women with pre-pregnancy BMI≥30 kg/m^2^ ([Figure 3](#F0003)). The lowest prevalence of GDM was observed in the group with estimated daily 5.5 sunshine hours during the first trimester.10.1080/22423982.2019.1703882-F0002Figure 2.Prevalence of gestational diabetes mellitus in percentages (%) in primiparous women (N = 6189) according to both daily sunshine hour levels and on a continuous scale (adjusted for age, pre-pregnancy body mass index, and educational attainment) during the first trimester.Daily sunshine hours during the first trimester were as follows: level I -- \<1 h, level II -- 1--\<3 h, level III -- 3--\<6 h, level IV -- 6--\<8.5 h, and level V -- ≥8.5 h. Whiskers and shaded area represent 95% confidence interval. GDM = gestational diabetes mellitus.10.1080/22423982.2019.1703882-F0003Figure 3.Prevalence of gestational diabetes mellitus in percentages (%) in primiparous women (N = 6 189) divided into body mass index categories (\<25.0 kg/m^2^, 25.0--29.9 kg/m^2^, and ≥30 kg/m^2^) according to daily sunshine hours during the first trimester as a continuous scale, adjusted for age and educational attainment. Shaded area represents 95% confidence interval.GDM = gestational diabetes mellitus; BMI = body mass index.

In OGTT, mean fasting glucose concentration was 4.79 (SD 0.48) mmol/L, mean 1-h glucose concentration 7.44 (SD 1.76) mmol/L, and mean 2-h glucose concentration 6.36 (SD 1.45) mmol/L, respectively. Fasting glucose (p-value 0.012), 1-h glucose concentrations (p-value 0.039) and 2-h glucose concentrations (p-value 0.19) showed a U-shaped association with daily sunshine hours during the first trimester ([Figure 4](#F0004)).10.1080/22423982.2019.1703882-F0004Figure 4.Fasting, 1- and 2-h glucose concentrations calculated as z-scores from a 75-g 2-h oral glucose tolerance test in primiparous women according to hour of daily sunshine during the first trimester as a continuous scale (adjusted for body mass index, age and educational attainment). Shaded area represents 95% confidence interval.OGTT = standard 75-g 2-h glucose tolerance test.

Discussion {#S0004}
==========

Daily sunshine hours during the first trimester showed a U-shaped association with the prevalence of GDM and the association was observed regardless of the pre-pregnancy degree of adiposity. No association was observed between the month of conception and GDM. As expected, the prevalence of GDM was high, 16%.

We observed that during the first trimester daily low or high sunshine hours increased the risk for GDM. A similar observation was made in all women regardless of the pre-pregnancy degree of adiposity. In OGTT, fasting and 1-h glucose showed a U-shaped association with daily sunshine hours during the first trimester. To the best of our knowledge, this is the first study to evaluate whether there is an association between hours of daily sunshine and GDM.

There might be several explanations for the observed association. Synthesis of vitamin D in the skin is initiated by absorption of solar ultraviolet B radiation \[[20](#CIT0020)\]. If the solar ultraviolet B radiation is low, production of vitamin D in the skin will remain low exposing the individual to lower blood vitamin D levels. Further, low blood vitamin D levels have been shown to be a risk factor for GDM \[[18](#CIT0018),[19](#CIT0019)\]. It has been suggested that vitamin D mediates the onset of GDM by regulating the immune system and inflammatory responses, oxidative stress, blood calcium level, hepatic metabolism, as well as with the function and development of pancreatic islets \[[23](#CIT0023)--[26](#CIT0026)\]. Beyond the production of vitamin D, the physiological responses to sunshine also include factors such as regulation of biological circadian and circannual rhythms, beta-endorphins which avail a feeling of well-being, and control of circulating melatonin \[[27](#CIT0027),[28](#CIT0028)\]. However, we have no explanation for the observation that high daily hours of sunshine during the first trimester increased the risk for GDM. Possibly, to some extend lifestyle factors such as seasonal changes in physical activity and in food consumption may explain our findings \[[14](#CIT0014),[29](#CIT0029)\]. It has been shown that the amount of physical activity seems to decrease if the outdoor temperature is especially high or cold \[[14](#CIT0014)\]. A large Finnish study reported that among pregnant women dietary changes were observed: in the autumn and winter, roots and tubers were favoured, whereas in the spring and summer, vegetable fruits and leafy vegetables formed a larger part of the diet \[[29](#CIT0029)\]. Further, during summertime, pregnant women had an increased consumption of barbecued food, ice cream, and soft drinks \[[29](#CIT0029)\].

According to our study findings, there was no association between the month of conception and GDM. In contrast, a large Australian study observed that if conception took place during rainy months the risk for GDM was increased \[[9](#CIT0009)\]. Perhaps, highly different weather conditions in Finland and Australia explain some of the disparate between the study findings.

Our study finding of a GDM prevalence of 16% in primiparous women is in line with Finnish nationwide findings. In 2017 the nationwide GDM prevalence in Finland -- including both primiparous and multiparous women -- was 19% (<http://urn.fi/URN:NBN:fi-fe2018103146930>). However, commonly in Europe, the prevalence of GDM with an estimate 6% is lower \[[30](#CIT0030)\]. These differences in prevalence rates could at least partly be due to the fact that in Finland since 2008 there has been a comprehensive universal screening for GDM ([www.kaypahoito.fi](http://www.kaypahoito.fi)).

The strengths of the study {#S0004-S2001}
--------------------------

In Finland, every person has a unique personal identification number, which enables the combination of national register data from several administrative registers on a personal level. Further, the individual daily sunshine hours during the first trimester of pregnancy were calculated for each woman individually. Our study observations endorse previous study findings that seasonality with different amounts of sunshine has an association with well-being and health \[[31](#CIT0031),[32](#CIT0032)\].

Study limitations {#S0004-S2002}
-----------------

Because this is a register-based study we are missing information on the study participants' dietary and physical activity habits, family history of diabetes, use of vitamin supplements, blood vitamin D levels, time spent outside as well as time spent in the city of Vantaa, Finland.

The time spent outside is also influenced by the occupation of the mother and whether she is at work or on vacation: we do not have this information. Moreover, we are missing information on the dress style of pregnant women. The meaning of missing information of blood vitamin D levels is emphasised because in Northern countries like Finland, the amount of UVB radiation is satisfactory to cause noteworthy vitamin D synthesis in the skin from April to September \[[33](#CIT0033)\]. Further, all study participants were women with a Finnish background; thus, the generalisability of our study observations is limited.

Conclusions {#S0005}
===========

In primiparous women daily sunshine hours during the first trimester showed a U-shaped association with the prevalence of GDM. Further studies, with individual information on the amount of sunshine exposure, if possible, are needed to show whether our study findings are reproducible and to investigate the underlying mechanisms of the association.
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[^1]: BMI = body mass index; SD = standard deviation.

[^2]: ^a^Included those who quitted smoking during pregnancy.

[^3]: ^b^Included induced abortions, miscarriages, or ectopic pregnancies.

[^4]: Primiparous women were divided into five sunshine level using centiles (levels I--V, 12.5th, 37.5th, 62.5th, 87.5th) corresponding to grades containing 12.5%, 25%, 25%, 25%, and 12.5% of the total distribution, respectively.
